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Description
Technical Field

[0001] The present disclosure relates to an exhaust
gas treatment system, a power generation facility includ-
ing the same, and an exhaust gas treatment method.
[0002] This application claims priority to Japanese Pa-
tent Application No. 2022-79740, filed in Japan on May
13, 2022, the content of which is incorporated herein by
reference.

Background Art

[0003] For example, PTL 1 discloses a conventional
exhaust gas treatment system that is introduced into a
facility such as a waste incineration plant. The exhaust
gas treatment systemincludes a boiler that recovers heat
from exhaust gas from the incinerator, a cooling tower
that cools the exhaust gas, a dust collector that removes
dust from the exhaust gas, a reheater that reheats the
exhaust gas, a catalytic reaction tower that performs
denitrification on the exhaust gas reheated by the rehea-
ter by being provided with a denitration catalyst, and a
chimney.

Citation List
Patent Literature

[0004] [PTL 1]Japanese Unexamined Patent Applica-
tion Publication No. 2018-126674

Summary of Invention
Technical Problem

[0005] By theway,inthe above-described exhaustgas
treatment system, a carbon dioxide recovery device cap-
able of recovering carbon dioxide contained in the ex-
haust gas may be introduced. As the power of the carbon
dioxide recovery device, for example, the power in the
facility into which the exhaust gas treatment system is
introduced is used. Therefore, there is a demand for
reducing the power used in a process of treating the
exhaust gas in the system. In addition, in a case where
the treatment of the gas is insufficient, the amount of
impurities contained in the exhaust gas may increase,
and as a result, the consumption of the absorption liquid
used inthe carbon dioxide recovery device may increase.
[0006] The presentdisclosure has been made to solve
the above-described problems, and an object of the
presentdisclosure is to provide an exhaust gas treatment
system, a power generation facility including the same,
and an exhaust gas treatment method, which can sup-
press an increase in consumption of an absorption liquid
in a carbon dioxide recovery device while reducing power
used in a process of treating exhaust gas.
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Solution to Problem

[0007] According to the present disclosure, there is
provided an exhaust gas treatment system including: a
dust collection facility that includes a denitration layer on
which a denitration catalyst is carried and through which
exhaust gas passes, and a carbon dioxide recovery
device that is positioned on a downstream side of the
dust collection facility in a flow direction of the exhaust
gas, in which the exhaust gas is supplied from the dust
collection facility to the carbon dioxide recovery device
while maintaining a state where a temperature of the
exhaust gas is equal to or lower than a temperature of
outlet gas of the dust collection facility.

[0008] According to the present disclosure, there is
provided a power generation facility that incinerates an
object to be incinerated to generate power, the power
generation facility including an incinerator in which the
object to be incinerated is incinerated, a boiler that is
positioned on an upstream side of the dust collection
facility in the flow direction of the exhaust gas and to
which the exhaust gas generated by the incinerator is
supplied, the exhaust gas treatment system into which
the exhaust gas that has passed through the boiler is
introduced, in which the exhaust gas treatment system
includes a reducing agent supply portion capable of
supplying a reducing agent to the exhaust gas that flows
on an upstream side of the dust collection facility in the
flow direction of the exhaust gas and a reducing agent
introduction line connecting the carbon dioxide recovery
device and the boiler, the carbon dioxide recovery device
includes a cooling tower that cools the exhaust gas, an
absorption tower that absorbs carbon dioxide included in
the cooled exhaust gas into an absorption liquid, a re-
generation tower that heats the absorption liquid in which
the carbon dioxide has been absorbed by a reboiler to
which a heat medium is supplied, and separates the
carbon dioxide from the absorption liquid, and areclaimer
that separates the absorption liquid from the regenera-
tion tower into a first liquid in which impurities are con-
centrated and a second liquid from which impurities are
separated, and the reducing agent introduction line, as
the reducing agent supply portion, supplies the first liquid
from the reclaimer into the incinerator as the reducing
agent.

[0009] According to the present disclosure, there is
provided an exhaust gas treatment method that is used
in a facility in which exhaust gas is generated, the facility
including a dust collection facility that includes a denitra-
tion layer on which a denitration catalyst is carried and
through which the exhaust gas passes, and a carbon
dioxide recovery device that is positioned on a down-
stream side of the dust collection facility in a flow direction
of the exhaust gas, the exhaust gas treatment method
including: supplying the exhaust gas from the dust col-
lection facility to the carbon dioxide recovery device while
maintaining a state where a temperature of the exhaust
gasis equal to or lower than a temperature of outlet gas of
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the dust collection facility.
Advantageous Effects of Invention

[0010] According to the present disclosure, it is possi-
ble to provide an exhaust gas treatment system, a power
generation facility including the same, and an exhaust
gas treatment method, which can suppress an increase
in consumption of an absorption liquid in a carbon dioxide
recovery device while reducing power used in a process
of treating the exhaust gas.

Brief Description of Drawings
[0011]

Fig. 1 is a diagram showing a configuration of a
power generation facility according to a first embodi-
ment of the present disclosure.

Fig. 2 is a diagram schematically showing a tem-
perature change of the exhaust gas flowing through
the exhaust gas flow path.

Fig. 3is afunctional block diagram of a control device
according to the embodiment of the present disclo-
sure.

Fig. 4 is a flowchart illustrating an example of the
operation of the control device according to the
embodiment of the present disclosure.

Fig. 5 is a flowchart illustrating an example of the
operation of the control device according to the
embodiment of the present disclosure.

Fig. 6 is a diagram showing a part of a configuration
of a power generation facility according to a second
embodiment of the present disclosure.

Fig. 7 is afunctional block diagram of a control device
according to the embodiment of the present disclo-
sure.

Fig. 8 is a flowchart illustrating an example of the
operation of the control device according to the
embodiment of the present disclosure.

Fig. 9 is a diagram showing a configuration of a
power generation facility according to the third em-
bodiment of the present disclosure.

Fig. 10 is a hardware configuration diagram illustrat-
ing a configuration of a computer according to the
embodiment of the present disclosure.

Description of Embodiments

[0012] In the following, a configuration for implement-
ing the exhaust gas treatment system, the power gen-
eration facility, and the exhaust gas treatment method
according to the present disclosure will be described with
reference to the accompanying drawings.

[First Embodiment]

[0013] The power generation facility is, for example, a
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plant that performs incineration treatment on municipal
solid waste, industrial waste, biomass, or the like as an
object to be incinerated, and performs waste power
generation by using heat of exhaust gas generated by
performing incineration treatment on the object to be
incinerated. As shown in Fig. 1, the power generation
facility 1000 includes a garbage treatment system 200,
an exhaust gas treatment system 100, a power genera-
tion system 300, a sensor 400, and a control device 500.

(Garbage Treatment System)

[0014] The garbage treatment system 200 is a system
that performs incineration treatment on the object to be
incinerated in the power generation facility 1000. The
garbage treatment system 200 includes the incinerator
10 and the heat recovery steam generator 11 (boiler).

(Incinerator)

[0015] The incinerator 10 according to this embodi-
ment is a stoker type incinerator. The incinerator 10 is
a furnace that burns an object to be incinerated while
transporting the object to be incinerated inside the incin-
erator 10. With the burning of the object to be incinerated
by the incinerator 10, the incinerator 10 generates the
exhaust gas EG. The generated exhaust gas EG is sent
to the exhaust gas treatment system 100 connected to
the upper part of the incinerator 10. The incinerator 10
includes a furnace main body 1, afuel supply mechanism
2, and a furnace 3.

[0016] The furnace main body 1 is a main body portion
in the incinerator 10. The furnace main body 1 defines a
space for burning an object to be incinerated inside the
furnace main body 1. Inside the furnace main body 1, the
object to be incinerated is transported while being
burned. An object to be incinerated, which is incinerated
in the furnace main body 1 and turned into ash, is dis-
charged to the outside of the furnace main body 1. The
fuel supply mechanism 2 receives the object to be in-
cinerated from the outside of the incinerator 10 and
supplies the received object to be incinerated to the
inside of the furnace main body 1. The furnace 3 extends
upward from the upper portion of the furnace main body
1. The exhaust gas EG generated by the combustion of
the object to be incinerated inside the furnace main body
1is sent to the heat recovery steam generator 11 through
the furnace 3.

(Heat Recovery Steam Generator)

[0017] The heat recovery steam generator 11 is a
device that heats supplied water to generate steam by
performing heat exchange between the exhaust gas EG
introduced from the furnace 3 and water supplied from
the outside (water supply to the heat recovery steam
generator 11). The heat recovery steam generator 11
according to this embodiment recovers heat from the
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exhaust gas EG from the furnace 3 and generates steam
(main steam) for driving the steam turbine 31 of the power
generation system 300 by using the heat.

[0018] Although detailed illustration is omitted, the heat
recovery steam generator 11 is configured with a boiler
outer frame and a heat transfer pipe and the like disposed
in the boiler outer frame. The exhaust gas EG from the
furnace 3 is introduced into the boiler outer frame. The
discharged exhaust gas EG introduced into the boiler
outer frame is cooled by being subjected to heat ex-
change with water introduced from the outside through
the heat transfer pipe in the boiler outer frame. On the
other hand, the water introduced into the heat recovery
steam generator 11 is heated by the exhaustgas EG tobe
vapor. The exhaust gas EG that has finished heat ex-
change in the heat recovery steam generator 11 is in-
troduced into the exhaust gas treatment system 100.

(Exhaust Gas Treatment System)

[0019] Itis noted that the exhaust gas treatment sys-
tem 100 is a system that treats the exhaust gas EG
generated in the garbage treatment system 200. The
exhaust gas treatment system 100 in the present embo-
diment includes the exhaust gas flow path 12, the first
heatrecovery device 13, the dust collection facility 14, the
second heat recovery device 15, the carbon dioxide
recovery device 16, the reducing agent supply portion
19, the activated carbon supply portion 20, the alkaline
powder supply portion 21, the alkali agent supply portion
22, the chimney 17, and the outlet flow path 18.

(Exhaust Gas Flow Path)

[0020] The exhaust gas flow path 12 circulates the
exhaust gas EG, which has been subjected to heat ex-
change in the heat recovery steam generator 11 of the
garbage treatment system 200, inside the exhaust gas
flow path 12. The exhaust gas flow path 12 is connected
to an exhaust gas outlet of the heat recovery steam
generator 11. Hereinafter, the direction in which the ex-
haust gas EG flows in the exhaust gas flow path 12 will be
simply referred to as a "flow direction of the exhaust gas
EG". In addition, in a flow direction of the exhaustgas EG,
a side of the heat recovery steam generator 11 opposite
to the exhaust gas outlet side is referred to as an "down-
stream side", and the exhaust gas outlet side is referred
to as an "upstream side".

(First Heat Recovery Device)

[0021] The first heat recovery device 13 is a device
(heat exchanger) that performs heat exchange between
the exhaust gas EG flowing through the exhaust gas flow
path 12 and a heat medium introduced from the outside.
That is, the first heat recovery device 13 adjusts the
temperature of the exhaust gas EG flowing through the
exhaust gas flow path 12. The first heat recovery device
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13 according to this embodiment is an economizer. The
first heat recovery device 13 is disposed in the exhaust
gas flow path 12. Here, the term "in the exhaust gas flow
path 12" means a partway of the exhaust gas flow path
12, not the inside of the exhaust gas flow path 12. The
exhaust gas EG flowing out from the heat recovery steam
generator 11 flows into the first heat recovery device 13
through the exhaust gas flow path 12. That s, the exhaust
gas EG that has flowed into the first heat recovery device
13 is cooled by heat exchange with the heat medium
supplied from the outside.

[0022] On the other hand, the heat medium introduced
into the first heat recovery device 13 from the outside is
heated by the exhaust gas EG. The heat medium sup-
plied from the outside to the first heat recovery device 13
in the present embodiment is, for example, water (water
supply to the heat recovery steam generator 11). The
exhaust gas EG that has finished heat exchange in the
first heat recovery device 13 flows out into the exhaust
gas flow path 12 on the downstream side of the first heat
recovery device 13. The heat medium heated in the first
heat recovery device 13 is used as a heat source in an
external device.

(Dust Collection Facility)

[0023] The dust collection facility 14 according to this
embodiment is a catalyst-supported bag filter that can
remove (collect) soot or dust, remove (denitrate) nitrogen
oxides, and remove harmful substances such as dioxins
from the passing exhaust gas EG by allowing the exhaust
gas EG flowing through the exhaust gas flow path 12 to
pass therethrough. The dust collection facility 14 is dis-
posed on a downstream side of the first heat recovery
device 13 in the exhaust gas flow path 12. Therefore, the
exhaust gas EG flowing out from the first heat recovery
device 13 flows into the dust collection facility 14 through
the exhaust gas flow path 12.

[0024] The dust collection facility 14 according to this
embodiment includes a dust collection facility main body
141 and adenitration layer 142. The exhaust gas EG from
the first heat recovery device 13 flows into the dust
collection facility main body 141 through the exhaust
gas flow path 12. The denitration layer 142 is afilter cloth
(filter) disposed inside the dust collection facility main
body 141. A denitration catalyst capable of denitrating the
exhaustgas EG is supported on the denitration layer 142.
The denitration layer 142 is carried by the denitration
catalyst and desulfurizes the exhaust gas EG that has
flowed into the dust collection facility main body 141 by
passing through the denitration layer 142. The exhaust
gas EG that has passed through the dust collection
facility 14 flows out into the exhaust gas flow path 12
on the downstream side of the dust collection facility 14.

(Second Heat Recovery Device)

[0025] The second heatrecovery device 15 is a device
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(heat exchanger) that recovers heat of the exhaust gas
EG by performing heat exchange between the exhaust
gas EG flowing through the exhaust gas flow path 12 and
a heat medium introduced from the outside. That is, the
second heat recovery device 15 adjusts the temperature
of the exhaust gas EG flowing through the exhaust gas
flow path 12. The second heat recovery device 15 ac-
cording to this embodiment is an economizer. The sec-
ond heat recovery device 15 recovers heat from the
exhaust gas EG having a temperature lower than that
of the exhaust gas EG flowing into the first heat recovery
device 13.

[0026] The second heat recovery device 15 is dis-
posed on a downstream side of the dust collection facility
14 in the exhaust gas flow path 12. Therefore, the ex-
haust gas EG from the dust collection facility 14 flows into
the second heat recovery device 15 through the exhaust
gas flow path 12. The exhaust gas EG that flows into the
second heat recovery device 15 is cooled by being sub-
jected to heat exchange with the heat medium supplied
from the outside. On the other hand, the heat medium
introduced into the second heat recovery device 15 is
heated by the exhaust gas EG. The heat medium sup-
plied from the outside to the second heat recovery device
15 in the present embodiment is, for example, water
(water supply to the heat recovery steam generator
11). The exhaust gas EG that has finished heat exchange
in the second heat recovery device 15 flows out to the
exhaust gas flow path 12 on the downstream side of the
second heat recovery device 15. The heat medium
heated in the second heat recovery device 15 is used
as a heat source in an external device.

(Carbon Dioxide Recovery Device)

[0027] The carbon dioxide recovery device 16 re-
covers carbon dioxide from the exhaust gas EG flowing
through the exhaust gas flow path 12. The carbon dioxide
recovery device 16 according to this embodiment re-
covers carbon dioxide by a wet chemical absorption
method. The exhaust gas EG flowing out from the second
heat recovery device 15 flows into the carbon dioxide
recovery device 16 through the exhaust gas flow path 12.
The carbon dioxide recovery device 16 is connected to
the heatrecovery steam generator 11 via the exhaust gas
flow path 12. The carbon dioxide recovery device 16
according to this embodiment includes a cooling tower
161, an absorption tower 162, and a regeneration tower
163.

[0028] The cooling tower 161 is a device that cools the
exhaust gas EG from the second heat recovery device
15. Although the details are not illustrated, the cooling
tower 161 in the present embodiment includes a circula-
tion line that circulates cooling tower circulating water, a
pump, and a heat exchanger that cools the cooling tower
circulating water by performing heat exchange with cool-
ing water introduced from the outside, and cools the
exhaust gas EG by bringing the cooling tower circulating
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water cooled with the cooling water into contact with the
exhaust gas EG. That is, the exhaust gas EG that has
flowed into the cooling tower 161 is cooled by being
subjected to heat exchange with the cooling tower circu-
lating water. The cooled exhaust gas EG in the cooling
tower 161 is guided to the absorption tower 162.

[0029] The absorption tower 162 is a device that re-
moves carbon dioxide from the exhaust gas EG intro-
duced into the carbon dioxide recovery device 16 by
using an absorption liquid (amine absorption liquid).
The exhaust gas EG from the cooling tower 161 is in-
troduced into the absorption tower 162. Inside the ab-
sorptiontower 162, the absorption liquid is scattered from
the upper part to the lower part. The absorption solution
scattered inside the cooling tower 161 is brought into
contact with the exhaust gas EG to absorb carbon dioxide
in the exhaust gas EG. The exhaust gas EG from which
carbon dioxide has been removed inside the absorption
tower 162 is sentto the chimney 17 through the outlet flow
path 18 connected to the absorption tower 162. The
exhaust gas EG sent to the chimney 17 is discharged
into the atmosphere. On the other hand, the absorption
liquid that has absorbed carbon dioxide is guided to the
regeneration tower 163.

[0030] The regeneration tower 163 is a device that
heats the absorption liquid from the absorption tower
162 and separates carbon dioxide from the absorption
liquid. The regeneration tower 163 separates carbon
dioxide from the absorption liquid to regenerate the ab-
sorption liquid. The regeneration tower 163 according to
this embodiment includes a regeneration tower main
body 163a and a reboiler 163b. The regeneration tower
main body 163a has a filling layer or a tray therein. The
absorption liquid in which carbon dioxide has been ab-
sorbed is introduced into the space in the inside of the
regeneration tower main body 163a from the absorption
tower 162 via the absorption liquid supply pipe.

[0031] Thereboiler 163b is connected to the lower part
of the regeneration tower main body 163a, for example,
through a pipe. A heat medium for heating the absorption
solution is introduced into the reboiler 163b from the
outside. The heat medium supplied from the outside to
the reboiler 163b in the present embodiment is, for ex-
ample, steam (main steam). The absorption liquid that
has flowed into the inside of the regeneration tower main
body 163ais heated by being subjected to heat exchange
with the heat medium. The absorption liquid is heated
inside the regeneration tower main body 163a, so that
carbon dioxide is separated from the absorption liquid.
The carbon dioxide separated from the absorption solu-
tion is guided to the outside of the carbon dioxide recov-
ery device 16. The absorption liquid from which carbon
dioxide has been separated is guided to the absorption
tower 162 again. The steam as the heat medium that is
cooled by heating the absorption liquid is condensed
water. The condensed water is guided to, for example,
the power generation system 300.
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(Reducing Agent Supply Portion)

[0032] The reducing agent supply portion 19 supplies
the reducing agent to the exhaust gas EG that flows on
the upstream side of the dust collection facility 14 in the
flow direction of the exhaust gas EG. As a result, the
reducing agent supply portion 19 adds the reducing
agent to the exhaust gas EG. The reducing agent supply
portion 19 supplies the reducing agent to the exhaust gas
EG flowing through the incinerator 10 or the heat recov-
ery steam generator 11 of the garbage treatment system
200. The reducing agent supply portion 19 according to
this embodiment supplies the reducing agent to the ex-
haust gas EG that flows in the heat recovery steam
generator 11. The reducing agent reduces the nitrogen
oxides in the exhaust gas EG to remove the nitrogen
oxides in the exhaust gas EG. As the reducing agent in
the present embodiment, for example, ammonia (NH;) or
the like is employed. The reducing agent supply portion
19 includes a reducing agent supply source 191 and a
reducing agent supply line 192.

[0033] The reducing agent supply source 191 in the
present embodiment is a tank that stores a reducing
agentin aliquid state therein. The reducing agent supply
line 192 guides the reducing agent stored in the reducing
agent supply source 191 into the heat recovery steam
generator 11. Therefore, the reducing agent supply line
192 connects the reducing agent supply source 191 and
the heat recovery steam generator 11. The reducing
agent sent to the heat recovery steam generator 11
through the reducing agent supply line 192 is sprayed
to the exhaust gas EG flowing in the heat recovery steam
generator 11. Forexample, a pump or the like (not shown)
for sending the reducing agent from the reducing agent
supply source 191 to the heat recovery steam generator
11 is disposed in the reducing agent supply line 192.

(Activated Carbon Supply Portion)

[0034] The activated carbon supply portion 20 supplies
the reducing agent to the exhaust gas EG that flows on
the upstream side of the dust collection facility 14 in the
flow direction of the exhaust gas EG. The activated
carbon supply portion 20 according to this embodiment
supplies the activated carbon to the exhaust gas EG that
flows on the downstream side of the first heat recovery
device 13 in the exhaust gas flow path 12, for example.
The activated carbon adsorbs the mercury contained in
the exhaust gas EG. Therefore, the activated carbon is
supplied to the exhaust gas EG flowing in the exhaustgas
flow path 12, so that the mercury contained in the exhaust
gas EG is removed. The activated carbon supply portion
20 includes an activated carbon supply source 201 and
an activated carbon supply line 202.

[0035] The activated carbon supply source 201 ac-
cording to this embodiment is a tank that holds powdered
or granular activated carbon therein. The activated car-
bon supply line 202 guides the activated carbon held in
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the activated carbon supply source 201 to the exhaust
gas flow path 12 on the downstream side of the first heat
recovery device 13. Therefore, the activated carbon
supply line 202 connects the activated carbon supply
source 201 to the exhaust gas flow path 12 on the down-
stream side of the first heat recovery device 13. The
activated carbon sent to the exhaust gas flow path 12
through the activated carbon supply line 202 is scattered
inthe exhaust gas EG flowing in the exhaust gas flow path
12. For example, a blower or the like (not shown) for
sending the activated carbon from the reducing agent
supply source 191 to the exhaust gas flow path 12 is
disposed in the activated carbon supply line 202.

(Alkaline Powder Supply Portion)

[0036] The alkaline powder supply portion 21 supplies
the alkaline powder to the exhaust gas EG that flows on
the upstream side of the dust collection facility 14 in the
flow direction of the exhaust gas EG. As the alkaline
powder in the present embodiment, for example, quick-
lime (Ca(OH),) or the like is employed. The alkaline
powder supply portion 21 according to this embodiment
supplies the alkaline powder to the exhaust gas EG
flowing on the downstream side of the first heat recovery
device 13 in the exhaust gas flow path 12, for example. In
acase where the alkaline powder supplied to the exhaust
gas EG is, for example, quicklime, the quicklime be-
comes calcium sulfate (CaSO,) by reacting with the
sulfur oxides (SOx) contained in the exhaust gas EG.
In addition, in a case where the alkaline powder supplied
to the exhaust gas EG is, for example, quicklime, the
quicklime reacts with hydrogen chloride (HCI) contained
in the exhaust gas EG to become calcium chloride
(CaCl,). The alkaline powder supply portion 21 includes
an alkaline powder supply source 211 and an alkaline
powder supply line 212.

[0037] The alkaline powder supply source 211 in the
present embodiment is a tank that holds an alkaline
powder in a powdered or granular form therein. The
alkaline powder supply line 212 guides the alkaline pow-
der held in the alkaline powder supply source 211 to the
exhaust gas flow path 12 on the downstream side of the
first heat recovery device 13. Therefore, the alkaline
powder supply line 212 connects the alkaline powder
supply source 211 to the exhaust gas flow path 12 on
the downstream side of the first heat recovery device 13.
More specifically, the alkaline powder supply line 212 is
connected to the exhaust gas flow path 12 on the down-
stream side of a portion to which the activated carbon
supply line 202 is connected in the exhaust gas flow path
12. The alkaline powder sent to the exhaust gas flow path
12 through the alkaline powder supply line 212 is scat-
tered in the exhaust gas EG flowing in the exhaust gas
flow path 12. For example, a blower or the like (not
shown) for sending the alkaline powder from the alkaline
powder supply source 211 to the exhaust gas flow path 12
is disposed in the alkaline powder supply line 212.
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(Alkali Agent Supply Portion)

[0038] The alkali agent supply portion 22 supplies the
alkali agent into the carbon dioxide recovery device 16.
The alkali agent supply portion 22 according to this
embodiment supplies the alkali agent to the cooling tower
circulating water in the cooling tower 161 of the carbon
dioxide recovery device 16. In other words, the alkali
agent supply portion 22 adds the alkali agent to the
cooling tower circulating water. As the alkali agent in
the present embodiment, for example, an aqueous so-
dium hydroxide solution is employed. Therefore, in a
case where the alkali agent supplied to the cooling tower
circulating water is an aqueous sodium hydroxide solu-
tion, this hydrogen sodium aqueous solution becomes
sodium sulfate by reacting with the sulfur oxides con-
tained in the exhaust gas EG, and becomes sodium
chloride by reacting with the hydrogen chloride contained
inthe exhaustgas EG. By supplying the alkaliagentto the
cooling tower circulating water circulating in the cooling
tower 161, the desulfurization and the desalting of the
exhaust gas EG are performed. The alkali agent supply
portion 22 includes an alkali agent supply source 221 and
an alkali agent supply line 222.

[0039] The alkali agent supply source 221 in the pre-
sentembodiment s a tank that holds an alkali agent such
as an aqueous sodium hydroxide solution therein. The
alkaliagent supply line 222 guides the alkaliagent held in
the alkali agent supply source 221 into the cooling tower
161. Therefore, the alkali agent supply line 222 connects
the alkali agent supply source 221 and the cooling tower
161. The alkali agent sent to the cooling tower 161
through the alkali agent supply line 222 is sprayed to
the cooling tower circulating water that circulates in the
cooling tower 161. For example, a pump or the like (not
shown) for sending the alkali agent from the alkali agent
supply source 221 to the cooling tower 161 is disposed in
the alkali agent supply line 222.

(Power Generation System)

[0040] The power generation system 300 is a system
thatgenerates power by using the heat of the exhaustgas
EG generated in the garbage treatment system 200. The
power generation system 300 includes a steam turbine
31, a condenser 32, a deaerator 34, a first water supply
pump 33a, a second water supply pump 33b, a main
steam line 30a, a first connection line 30c, a second
connection line 30d, a third connection line 30e, a boiler
water supply line 30b, a first water supply bypass line
30g, a first heat medium valve 15a, a second water
supply bypass line 30h, and a second heat medium valve
13a.

(Steam Turbine)

[0041] The steam turbine 31 is driven by steam from
the heat recovery steam generator 11 and is a rotary
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machine that rotates a generator GEN connected to the
steam turbine 31. Steam generated in the heat recovery
steam generator 11 is introduced into the steam turbine
31 in the present embodiment through the main steam
line 30a. The main steam line 30a connects the steam
outlet of the heat recovery steam generator 11 and the
steam inlet of the steam turbine 31.

[0042] In addition, although notillustrated in Fig. 1, the
steam from the heat recovery steam generator 11 that
flows through the main steam line 30a is guided to, for
example, the reboiler 163b. The steam introduced into
the reboiler 163b is used as a heat medium for heating the
absorption liquid in the regeneration tower main body
163a. Thatis, a part of the steam from the heat recovery
steam generator 11 can be used as a heat source in the
reboiler 163b in the carbon dioxide recovery device 16.

(Condenser)

[0043] The condenser 32 is connected to the steam
turbine 31. The steam that has finished the expansion
work in the steam turbine 31 is guided into the condenser
32, cooled, and condensed into water (recovered water),
and the water is stored in the condenser 32. The water
stored in the condenser 32 is guided to the second heat
recovery device 15 through the first connection line 30c
as a heat medium for performing heat exchange with the
exhaust gas EG in the second heat recovery device 15.
[0044] Here, the first connection line 30c connects the
condenser 32 and the second heat recovery device 15.
The first water supply pump 33a is disposed in the first
connection line 30c. The first water supply pump 33a is
driven to send the water from the condenser 32 to the
second heat recovery device 15. The rotation speed of
the firstwater supply pump 33a (the flow rate of water that
is pressurized and sent from the condenser 32 to the
second heat recovery device 15) in the present embodi-
ment is controlled by the control device 500. Specifically,
the first water supply pump 33a receives a signal indicat-
ing the rotation speed from the control device 500 through
wired or wireless communication. The first water supply
pump 33a is rotated based on the rotation speed indi-
cated by the signal, and pressurizes the water in the first
connection line 30c to be sent to the second heat recov-
ery device 15.

[0045] That is, the first water supply pump 33a can
adjust the flow rate of the water flowing through the first
connection line 30c by being controlled by the control
device 500. The rotation speed of the first water supply
pump 33a is adjusted, whereby the flow rate of the water
as the heat medium flowing into the second heatrecovery
device 15 is adjusted.

[0046] The water introduced into the second heat re-
covery device 15 through the first connection line 30c is
subjected to heat exchange with the exhaust gas EG in
the second heat recovery device 15 and is heated by the
exhaust gas EG. The water heated in the second heat
recovery device 15 is guided to the deaerator 34 through
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the second connection line 30d.

[0047] Oneendofthefirstwater supply bypass line 30g
is connected to the first connection line 30c, and the other
end thereof is connected to the second connection line
30d. Therefore, a part of the water flowing through the
first connection line 30c can flow into the first water supply
bypass line 30g from one end and can flow into the
second connection line 30d through the otherend. There-
fore, the first water supply bypass line 30g can bypass
water from the first connection line 30c to the second
connection line 30d without passing through the second
heat recovery device 15.

[0048] The first heat medium valve 15a is disposed in
the first water supply bypass line 30g. The first heat
medium valve 15a is a flow regulation valve capable of
adjusting a flow rate of water flowing through the first
water supply bypass line 30g. The first heat medium
valve 15a adjusts the flow rate of the water flowing
through the first water supply bypass line 30g by control-
ling the opening degree. The opening degree of the first
heat medium valve 15a according to the present embodi-
ment is controlled by the control device 500. Specifically,
the first heat medium valve 15a receives a signal indicat-
ing the opening degree from the control device 500
through wired or wireless communication and adjusts
the opening degree on the basis of the received signal.
[0049] The first heat medium valve 15a can adjust the
flow rate of the water flowing through the first water
supply bypass line 30g by being controlled by the control
device 500. The flow rate of water as the heat medium
flowing into the second heat recovery device 15 is ad-
justed by adjusting the opening degree of the first heat
medium valve 15a.

(Deaerator)

[0050] The deaerator 34 heats the water from the
second heat recovery device 15 and deaerates the dis-
solved gas (oxygen, carbon dioxide, or the like) included
in the water. Although detailed illustration is omitted, for
example, the deaerator 34 is supplied with steam (air-
extracted steam) extracted from the steam turbine 31 as
a heat source for heating (deaerating) water. The water
deaerated by the deaerator 34 is guided to the first heat
recovery device 13 through the third connection line 30e.
The third connection line 30e connects the water supply
outlet of the deaerator 34 to the first heat recovery device.
The water introduced into the first heat recovery device
13 through the third connection line 30e is used as a heat
medium for performing heat exchange with the exhaust
gas EG in the first heat recovery device 13.

[0051] The second water supply pump 33b is disposed
in the third connection line 30e. The second water supply
pump 33b is driven to supply the water from the deaerator
34 tothe firstheat recovery device 13. The rotation speed
of the second water supply pump 33b (the flow rate of
water sent from the deaerator 34 to the first heat recovery
device 13)in the present embodiment is controlled by the
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control device 500. Specifically, the second water supply
pump 33b receives a signal indicating the rotation speed
from the control device 500 through wired or wireless
communication. The second water supply pump 33b is
rotated based on the rotation speed indicated by the
signal, and pressurizes the water in the third connection
line 30e to be sent to the first heat recovery device 13.
[0052] Thatis, the second water supply pump 33b can
adjust the flow rate of the water flowing through the third
connection line 30e by being controlled by the control
device 500. The rotation speed of the second water
supply pump 33b is adjusted to adjust the flow rate of
the water as the heat medium flowing into the first heat
recovery device 13.

[0053] The water that has finished the heat exchange
in the first heat recovery device 13 is guided to the heat
recovery steam generator 11 through the boiler water
supply line 30b. The boiler water supply line 30b connects
the first heat recovery device 13 and the water supply
inlet of the heat recovery steam generator 11. The water
introduced into the heat recovery steam generator 11
through the boiler water supply line 30b is used as a heat
medium for performing heat exchange with the exhaust
gas EG in the heat recovery steam generator 11.
[0054] The water introduced into the heat recovery
steam generator 11 through the boiler water supply line
30b is exchanged with the exhaust gas EG in the heat
recovery steam generator 11 and is heated by the ex-
haust gas EG to become steam (main steam). This steam
is guided to the steam turbine 31 through the main steam
line 30a.

[0055] One end ofthe second water supply bypass line
30h is connected to the third connection line 30e, and the
other end thereof is connected to the boiler water supply
line 30b. Therefore, a part of the water flowing through the
third connection line 30e can flow into the second water
supply bypass line 30h from one end and can flow into the
boiler water supply line 30b through the other end. There-
fore, the second water supply bypass line 30h can bypass
water from the third connection line 30e to the boiler water
supply line 30b without passing through the first heat
recovery device 13.

[0056] The second heat medium valve 13ais disposed
in the second water supply bypass line 30h. The second
heat medium valve 13a s a flow regulation valve capable
of adjusting the flow rate of water flowing through the
second water supply bypass line 30h. The second heat
medium valve 13a adjusts the flow rate of the water
flowing through the second water supply bypass line
30h by controlling the opening degree. The opening
degree of the second heat medium valve 13a according
to the present embodiment is controlled by the control
device 500. Specifically, the second heat medium valve
13areceives a signal indicating the opening degree from
the control device 500 through wired or wireless com-
munication and adjusts the opening degree on the basis
of the received signal.

[0057] The second heat medium valve 13a can adjust
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the flow rate of the water flowing through the second
water supply bypass line 30h by being controlled by the
control device 500. The flow rate of water as the heat
medium flowing into the first heat recovery device 13 is
adjusted by adjusting the opening degree of the second
heat medium valve 13a.

[0058] Here, a change in the temperature of the ex-
haust gas EG flowing through the exhaust gas flow path
12 in the exhaust gas treatment system 100 will be
described. As shown in Fig. 2, the exhaust gas EG that
flows into the exhaust gas flow path 12 from the heat
recovery steam generator 11 flows into the first heat
recovery device 13. The exhaust gas EG flowing into
the first heat recovery device 13 is cooled by being
subjected to heat exchange with water. The temperature
ofthe exhaust gas EG after heat exchange in the firstheat
recovery device 13 is, for example, 150°C to 230°C. The
exhaust gas EG flowing out from the first heat recovery
device 13 passes through the dust collection facility 14
and then flows into the second heat recovery device 15.
The exhaust gas EG flowing into the second heat recov-
ery device 15 is cooled by being subjected to heat ex-
change with water. The temperature of the exhaust gas
EG after heat exchange in the second heat recovery
device 15 is, for example, 70°C to 150°C. The exhaust
gas EG flowing out from the second heat recovery device
15 flows into the carbon dioxide recovery device 16. The
exhaust gas EG that has flowed into the carbon dioxide
recovery device 16 is cooled in the cooling tower 161. The
temperature of the exhaust gas EG after being cooled by
the cooling tower 161 is, for example, 20°C to 60°C.
Therefore, the exhaust gas EG is supplied from the dust
collection facility 14 to the carbon dioxide recovery device
16 through the second heat recovery device 15 while
maintaining a state equal to or lower than the outlet gas
temperature of the dust collection facility 14. The "outlet
gas temperature"referred to herein means atemperature
of the exhaust gas EG before the exhaust gas flows out
from the dust collection facility 14 and flows into the
second heat recovery device 15.

(Sensor)

[0059] The sensor 400 is provided in the power gen-
eration facility 1000. The sensor 400 according to this
embodiment includes a first thermometer 41, a second
thermometer 42, a third thermometer 43, a nitrogen oxide
concentration detection portion 44, and a sulfur oxide
concentration detection portion 45.

(First Thermometer)

[0060] The first thermometer 41 is disposed between
the first heat recovery device 13 and the dust collection
facility 14 in the exhaust gas flow path 12. In the present
embodiment, the first thermometer 41 is disposed on the
downstream side of the connection portion with respect
to the alkaline powder supply line 212 in the exhaust gas
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flow path 12. The first thermometer 41 detects the tem-
perature of the exhaust gas EG flowing into the dust
collection facility 14. The first thermometer 41 detects
the temperature of the exhaust gas EG at predetermined
time intervals and transmits a signal indicating the detec-
tion result to the control device 500 through wired or
wireless communication. Hereinafter, for convenience
of description, the temperature of the exhaust gas EG
detected by the first thermometer 41 is referred to as a
"first temperature T1".

(Second Thermometer)

[0061] The second thermometer 42 is disposed be-
tween the dust collection facility 14 and the second heat
recovery device 15 in the exhaust gas flow path 12. The
second thermometer 42 according to this embodiment
detects the temperature of the exhaust gas EG that has
flowed out from the dust collection facility 14. In other
words, the second thermometer 42 detects the tempera-
ture of the exhaust gas EG flowing into the second heat
recovery device 15. The second thermometer 42 detects
the temperature of the exhaust gas EG at a predeter-
mined time interval and transmits a signal indicating the
detection result to the control device 500 through wired or
wireless communication. Hereinafter, for convenience of
description, the temperature of the exhaust gas EG de-
tected by the second thermometer 42 is referred to as a
"second temperature T2". That is, the second tempera-
ture T2 is the outlet gas temperature.

(Third Thermometer)

[0062] The third thermometer 43 is disposed between
the second heat recovery device 15 and the carbon
dioxide recovery device 16 in the exhaust gas flow path
12. The third thermometer 43 according to this embodi-
ment detects the temperature of the exhaust gas EG
flowing into from the second heat recovery device 15.
In other words, the third thermometer 43 detects the
temperature of the exhaust gas EG that flows into the
cooling tower 161 of the carbon dioxide recovery device
16. The third thermometer 43 detects the temperature of
the exhaust gas EG at a predetermined time interval and
transmits a signal indicating the detection result to the
control device 500 through wired or wireless communi-
cation. Hereinafter, for convenience of description, the
temperature of the exhaust gas EG detected by the third
thermometer 43 is referred to as a "third temperature T3".

(Nitrogen Oxide Concentration Detection Portion)

[0063] The nitrogen oxide concentration detection por-
tion 44 is a nitrogen oxide sensor (NOx sensor) capable
of detecting the nitrogen oxide concentration A1 of the
exhaust gas EG. The nitrogen oxide concentration de-
tection portion 44 according to this embodiment is dis-
posed between the dust collection facility 14 and the
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second heat recovery device 15 in the exhaust gas flow
path 12. Therefore, the nitrogen oxide concentration
detection portion 44 detects the nitrogen oxide concen-
tration A1 of the exhaust gas EG that has flowed out from
the dust collection facility 14. In other words, the nitrogen
oxide concentration detection portion 44 detects the
concentration of the nitrogen oxide contained in the ex-
haust gas EG flowing into the second heat recovery
device 15. The nitrogen oxide concentration detection
portion 44 detects the nitrogen oxide concentration A1 of
the exhaust gas EG at a predetermined time interval, and
transmits a signal indicating the detection result to the
control device 500 by wired or wireless communication.

(Sulfur Oxide Concentration Detection Portion)

[0064] The sulfuroxide concentration detection portion
45 is a sulfur oxide sensor (SOx sensor) capable of
detecting the sulfur oxide concentration A2 of the exhaust
gas EG. The sulfur oxide concentration detection portion
45 according to this embodimentis disposed between the
dust collection facility 14 and the second heat recovery
device 15 in the exhaust gas flow path 12. Therefore, the
sulfur oxide concentration detection portion 45 detects
the sulfur oxide concentration A2 of the exhaust gas EG
that has flowed out from the dust collection facility 14. In
other words, the sulfur oxide concentration detection
portion 45 detects the concentration of the sulfur oxide
contained in the exhaust gas EG flowing into the second
heat recovery device 15. The sulfur oxide concentration
detection portion 45 detects the sulfur oxide concentra-
tion A2 of the exhaust gas EG at a predetermined time
interval, and transmits a signal indicating the detection
result to the control device 500 by wired or wireless
communication.

(Control Device)

[0065] The control device 500 receives the signal in-
dicating the detection result from the sensor 400 and
controls the amount of the heat medium supplied to the
first heat recovery device 13 and the amount of the heat
medium supplied to the second heat recovery device 15.
As shownin Fig. 3, the control device 500 according to the
present embodiment includes a detection unit 51, a de-
termination unit 52, a setting unit 53, a control unit 54, and
a storage unit 55. The storage unit 55 stores information
used by the determination unit 52 in the determination
processing.

(Detection Unit)

[0066] The detection unit 51 receives the signal from
the sensor 400 to acquire the detection result of the
sensor 400.

[0067] By receiving the signal transmitted from the first
thermometer 41, the detection unit 51 acquires the first
temperature T1 indicated by the signal. The detection
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unit 51 transmits the acquired first temperature T1 to the
determination unit 52. The detection unit 51 acquires the
second temperature T2 indicated by the signal trans-
mitted from the second thermometer 42 by receiving
the signal. The detection unit 51 transmits the acquired
second temperature T2 to the determination unit 52. The
detection unit 51 receives the signal transmitted from the
third thermometer 43 to acquire the third temperature T3
indicated by the signal. The detection unit 51 transmits
the acquired third temperature T3 to the determination
unit 52.

[0068] In addition, the detection unit 51 receives the
signal transmitted from the nitrogen oxide concentration
detection portion 44 to acquire the nitrogen oxide con-
centration A1 indicated by the signal. The detection unit
51 transmits the acquired nitrogen oxide concentration
A1 to the setting unit 53. The detection unit 51 receives
the signal transmitted from the sulfur oxide concentration
detection portion 45 to acquire the sulfur oxide concen-
tration A2 indicated by the signal. Then, the detection unit
51 transmits the acquired sulfur oxide concentration A2
to the determination unit 52.

(Determination Unit)

[0069] The determination unit 52 performs determina-
tion processing on the basis of the detection result of the
sensor 400 received from the detection unit 51. In a case
where the first temperature T1 and the second tempera-
ture T2 are received from the detection unit 51, the
determination unit 52 compares the first temperature
T1 and the second temperature T2 with a predetermined
gas temperature threshold value Tx. The gas tempera-
ture threshold value Tx in the present embodiment is, for
example, atemperature preset by the setting unit 53. The
gas temperature threshold value Tx is, for example, a
value in a temperature range of 150°C to 230°C. The
temperature is preferably 180°C to 220°C.

[0070] The determination unit 52 determines that "the
adjustment of the first temperature T1 is necessary" in a
case where the firsttemperature T1 deviates from the gas
temperature threshold value Tx. The case where the first
temperature T1 deviates from the gas temperature
threshold value Tx means a case where the first tem-
perature T1 is, for example, out of the temperature range
indicated by the gas temperature threshold value Tx. In
addition, a case where the first temperature T1 is not
deviated from the gas temperature threshold value Tx
means a case where the first temperature T1 is, for
example, within the temperature range indicated by the
gas temperature threshold value Tx.

[0071] Further,inacase where the firsttemperature T1
is higher than the upper limit value of the temperature
range indicated by the gas temperature threshold value
Tx, the determination unit 52 determines that "the first
temperature T1 is high". In addition, the determination
unit 52 determines that "the first temperature T1 is low" in
a case where the first temperature T1 is lower than the
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lower limit value of the temperature range indicated by
the gas temperature threshold value Tx.

[0072] In a case where the second temperature T2
deviates from the gas temperature threshold value Tx,
the determination unit 52 determines that "the adjustment
of the second temperature T2 is necessary". The case
where the second temperature T2 deviates from the gas
temperature threshold value Tx means that the second
temperature T2 is, for example, out of the temperature
range indicated by the gas temperature threshold value
Tx. In addition, a case where the second temperature T2
is not deviated from the gas temperature threshold value
Txmeans a case where the second temperature T2 is, for
example, within the temperature range indicated by the
gas temperature threshold value Tx.

[0073] Further, in a case where the second tempera-
ture T2 is higher than the upper limit value of the tem-
perature range indicated by the gas temperature thresh-
old value Tx, the determination unit 52 determines that
"the second temperature T2 is high". In addition, the
determination unit 52 determines that "the second tem-
perature T2 is low" in a case where the second tempera-
ture T2 is lower than the lower limit value of the tempera-
ture range indicated by the gas temperature threshold
value Tx.

[0074] On the other hand, the determination unit 52
determines that "the adjustment of the first temperature
T1is notnecessary" in a case where the first temperature
T1 is not deviated from the gas temperature threshold
value Tx. In addition, the determination unit 52 deter-
mines that "the adjustment of the second temperature T2
is not necessary" in a case where the second tempera-
ture T2 is not deviated from the gas temperature thresh-
old value Tx. The gas temperature threshold value Tx is
stored by, for example, the storage unit 55.

[0075] In addition, in a case where the determination
unit 52 receives the third temperature T3 from the detec-
tion unit 51, the determination unit 52 compares the third
temperature T3 with a predetermined gas temperature
threshold value Ty. The gas temperature threshold value
Ty in the presentembodiment s, for example, a tempera-
ture range preset in accordance with the power genera-
tion facility 1000.

[0076] The determination unit 52 determines that "the
adjustment of the third temperature T3 is necessary" ina
case where the third temperature T3 deviates from the
gas temperature threshold value Ty. The case where the
third temperature T3 deviates from the gas temperature
threshold value Ty means that the third temperature T3 is,
for example, out of the temperature range indicated by
the gas temperature threshold value Ty. In addition, a
case where the third temperature T3 is not deviated from
the gas temperature threshold value Ty means a case
where the third temperature T3 is, for example, within the
temperature range indicated by the gas temperature
threshold value Ty.

[0077] Further, in a case where the third temperature
T3 is higher than the upper limit value of the temperature
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range indicated by the gas temperature threshold value
Ty, the determination unit 52 determines that "the third
temperature T3 is high". In addition, the determination
unit52 determines that "the third temperature T3 is low" in
a case where the third temperature T3 is lower than the
lower limit value of the temperature range indicated by
the gas temperature threshold value Ty.

[0078] On the other hand, the determination unit 52
determines that "the adjustment of the third temperature
T3 is not necessary" in a case where the third tempera-
ture T3 does not deviate from the gas temperature
threshold value Ty. The gas temperature threshold value
Ty is stored in advance, for example, by the storage unit
55.

(Setting Unit)

[0079] The setting unit 53 sets the gas temperature
threshold value Tx on the basis of the detection result of
the sensor 400 received from the detection unit 51. In a
case where the nitrogen oxide concentration A1 and the
sulfur oxide concentration A2 are received from the de-
tection unit 51, the setting unit 53 acquires the gas
temperature threshold value Tx in accordance with one
or more of the nitrogen oxide concentration A1 and the
sulfur oxide concentration A2 by referring to predeter-
mined correspondence relationship information asso-
ciated with the gas temperature threshold value Tx to
be set.

[0080] The setting unit 53 stores the acquired gas
temperature threshold value Tx in the storage unit 55.
The correspondence relationship information in the pre-
sent embodiment is, for example, a table in which one or
more of the nitrogen oxide concentration A1, the sulfur
oxide concentration A2, and the gas temperature thresh-
old value Tx are associated with each other. The corre-
spondence relationship information may be a function or
the like that takes one or more of the nitrogen oxide
concentration A1 and the sulfur oxide concentration A2
as an argument and returns the gas temperature thresh-
old value Tx as a return value. The correspondence
relationship information is stored in advance, for exam-
ple, by the storage unit 55.

(Control Unit)

[0081] The control unit 54 controls the amount of the
heat medium supplied to the first heat recovery device 13
and the amount of the heat medium supplied to the
second heatrecovery device 15 based on the determina-
tion result by the determination unit 52.

[0082] The control unit 54 controls the amount of the
heat medium supplied to the first heat recovery device 13
in a case where the determination unit 52 determines that
"the adjustment of the first temperature T1 is necessary"
or "the adjustment of the second temperature T2 is
necessary". Specifically, in a case where the determina-
tion unit 52 determines that "the first temperature T1 is
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high" or in a case where the determination unit 52 de-
termines that "the second temperature T2 is high", the
control unit 54 transmits a signal indicating an increase in
the opening degree to the second heat medium valve
13a. Inaddition, in a case where the determination unit 52
determines that "the first temperature T1 is low" or de-
termines that "the second temperature T2 is low", the
control unit 54 transmits a signal indicating a decrease in
the opening degree to the second heat medium valve
13a. On the other hand, in a case where the determina-
tion unit 52 determines that "the adjustment of the first
temperature T1 is not necessary" and "the adjustment of
the second temperature T2 is not necessary", the control
unit 54 transmits a signal indicating the maintenance of
the opening degree to the second heat medium valve
13a. The amount of the heat medium introduced into the
firstheatrecovery device 13 is controlled by the operation
of the control unit 54.

[0083] In addition, in a case where the determination
unit 52 determines that "the adjustment of the third tem-
perature T3 is necessary", the control unit 54 controls the
amount of the heat medium supplied to the second heat
recovery device 15. Specifically, in a case where the
determination unit 52 determines that "the third tempera-
ture T3 is high", the control unit 54 transmits a signal
indicating an increase in the opening degree to the first
heat medium valve 15a. In addition, in a case where the
determination unit 52 determines that "the third tempera-
ture T3 is low", the control unit 54 transmits a signal
indicating the decrease in the opening degree to the first
heat medium valve 15a. On the other hand, in a case
where the determination unit 52 determines that "the
adjustment of the third temperature T3 is not necessary",
the control unit 54 transmits a signal indicating the main-
tenance of the opening degree to the first heat medium
valve 15a. The amount of the heat medium introduced
into the first heat recovery device 13 is controlled by these
operations by the control unit 54.

(Operation of Control Device)

[0084] Subsequently, an operation of the control de-
vice 500 according to the present embodiment will be
described.

[0085] Hereinafter, with reference toFig.4,anexample
of the operation of the control device 500 that controls the
amount of the heat medium supplied to the first heat
recovery device 13 will be described.

[0086] The detection unit51 acquires the firsttempera-
ture T1, the second temperature T2, the nitrogen oxide
concentration A1, and the sulfur oxide concentration A2
(step S11). Next, the setting unit 53 sets the gas tem-
perature threshold value Tx (step S12) on the basis of
one or more of the nitrogen oxide concentration A1 and
the sulfur oxide concentration A2 acquired by the detec-
tion unit 51. Next, the determination unit 52 determines
whether or not the adjustment of the first temperature T1
is necessary or whether or not the adjustment of the
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second temperature T2 is necessary, on the basis of
the acquired first temperature T1 and second tempera-
ture T2 (step S13). In a case where the determination unit
52 determinesthat the adjustment of the first temperature
T1 is necessary or the adjustment of the second tem-
perature T2 is necessary (step S13: YES), the control unit
54 controls the opening degree of the second heat med-
ium valve 13a (step S14). In a case where the processing
of step S14 is finished, the processing of step S11 is
performed again. In a case where the determination unit
52 determines that the adjustment of the first temperature
T1 is not necessary and the adjustment of the second
temperature T2 is not necessary (step S13: NO), the
processing of step S11 is performed again.

[0087] The processes of steps S11 to S14 described
above are repeatedly executed in the operation stage of
the exhaust gas treatment system 100.

[0088] Hereinafter, withreferencetoFig.5,anexample
of the operation of the control device 500 that controls the
amount of the heat medium supplied to the second heat
recovery device 15 will be described.

[0089] The detection unit 51 acquires the third tem-
perature T3 (step S21). Next, the determination unit 52
determines whether or not the adjustment of the third
temperature T3 is necessary, on the basis of the acquired
third temperature T3 (step S22). In a case where the
determination unit 52 determines that the adjustment of
the third temperature T3 is necessary (step S22: YES),
the control unit 54 controls the opening degree of the first
heat medium valve 15a (step S23). In a case where the
processing of step S23 is finished, the processing of step
S21 is performed again. In a case where the determina-
tion unit 52 determines that the adjustment of the third
temperature T3 is not necessary (step S22: NO), the
processing of step S21 is performed again.

[0090] The processes of steps S21 to S23 described
above are repeatedly executed in the operation stage of
the exhaust gas treatment system 100.

(Exhaust Gas Treatment Method)

[0091] Subsequently, an exhaust gas treatment meth-
od used in the power generation facility 1000 will be
described. The exhaust gas treatment method includes
supplying the carbon dioxide recovery device 16 with the
exhaust gas from the dust collection facility 14 while
maintaining the state where the temperature of the ex-
haust gas at the outlet of the dust collection facility 14 is
equal to or lower than the outlet gas temperature. The
exhaust gas treatment method executes a heat ex-
change step.

[0092] In the heat exchange step, the control device
500 controls the amount of the heat medium flowing into
the second heat recovery device 15 based on the detec-
tion result of the sensor 400 disposed in the exhaust gas
flow path 12. Specifically, the determination unit 52 of the
control device 500 determines whether or not the adjust-
ment of the third temperature T3 is necessary on the
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basis of the third temperature T3 from the third thermo-
meter 43 acquired by the acquisition unit of the control
device 500. The control unit 54 of the control device 500
controls the opening degree of the first heat medium
valve 15a based on the determination result of the de-
termination unit 52. As a result, the temperature of the
exhaust gas EG passing through the dust collection
facility 14 is cooled by heat exchange in the second heat
recovery device 15. Therefore, the exhaust gas EG is
supplied to the carbon dioxide recovery device 16 while
maintaining a state equal to or lower than the outlet gas
temperature of the dust collection facility 14.

(Operations and Effects)

[0093] According to the configuration of the above-
described exhaust gas treatment system, the denitration
layer 142 on which the denitration catalyst is supported
denitrates the exhaust gas EG passing through the dust
collection facility 14. The denitrified exhaust gas EG is
supplied to the carbon dioxide recovery device 16 while
maintaining the exhaust gas temperature equal to or
lower than the temperature at the time of flowing out from
the dust collection facility 14. That s, the exhaustgas EG
is denitrated by the dust collection facility 14, and thus
does not need to be heated in the process from the dust
collection facility 14 to the carbon dioxide recovery device
16. Therefore, itis possible to reduce the thermal energy
required for the heating. As a result, in a case where the
treatment of the exhaust gas is insufficient, the amount of
impurities such as sulfur oxides contained in the exhaust
gas may increase. According to the above configuration,
since the denitration layer 142 of the dust collection
facility 14 on the upstream side of the carbon dioxide
recovery device 16 removes the sulfur oxides in the
exhaust gas EG, it is possible to suppress an increase
in the consumption of the absorption liquid in which the
impurities are absorbed by the carbon dioxide recovery
device 16.

[0094] In addition, in the above configuration, a part of
the steam from the heat recovery steam generator 11 that
flows through the main steam line 30a can be used as a
heat source in the reboiler 163b in the carbon dioxide
recovery device 16. Accordingly, itis possible to suppress
the decrease in the power generation efficiency in the
power generation facility 1000 even in a case where the
carbon dioxide recovery device 16 is introduced into the
exhaust gas treatment system 100.

[0095] In addition, in the above configuration, the
amount of the heat medium supplied to the first heat
recovery device 13 positioned on the upstream side of
the dust collection facility 14 in the flow direction of the
exhaust gas EG is controlled on the basis of the compar-
ison between the detection result of one or more of the
firstthermometer 41 and the second thermometer 42 and
the gas temperature threshold value Tx. Accordingly, itis
possible to stabilize the temperature of the exhaust gas
EG introduced into the dust collection facility 14. There-
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fore, the denitration performance of the exhaust gas EG
in the dust collection facility 14 can be stabilized. It is
possible to suppress the inflow or accumulation of im-
purities in the absorption liquid in the carbon dioxide
recovery device 16.

[0096] In addition, in the above configuration, the tem-
perature of the exhaust gas EG passing through the dust
collection facility 14 is adjusted to a temperature corre-
sponding to one or more of the nitrogen oxide concen-
tration A1 and the sulfur oxide concentration A2. There-
fore, for example, in a case where the nitrogen oxide
concentration A1 and the sulfur oxide concentration A2
are high, the temperature of the exhaust gas EG passing
through the dust collection facility 14 is controlled to
increase, and in a case where the nitrogen oxide con-
centration A1 and the sulfur oxide concentration A2 are
low, the temperature of the exhaust gas EG passing
through the dust collection facility 14 is controlled to
decrease. As aresult, it is possible to optimize the mag-
nitude of the motive power used in the exhaust gas
treatment system 100.

[0097] In addition, with the above configuration, the
heat of the exhaust gas EG passing through the dust
collection facility 14 is recovered by the second heat
recovery device 15. In this case, the flow rate of the heat
medium supplied to the first heat recovery device 13 is set
to the temperature of the discharged exhaust gas corre-
sponding to one or more of the nitrogen oxide concen-
tration A1 and the sulfur oxide concentration A2, and the
flow rate of the heat medium supplied to the second heat
recovery device 15 is set based on the third temperature
T3. Accordingly, it is possible to further stabilize the
temperature of the exhaust gas EG from the second heat
recovery device 15 to the carbon dioxide recovery device
16 in the exhaust gas flow path 12. Therefore, it is
possible to improve the denitration performance of the
exhaust gas EG in the denitration layer 142 of the dust
collection facility 14 with suppressing the deterioration of
the power generation efficiency.

[0098] In addition, in the above configuration, the
amount of the heat medium supplied to the second heat
recovery device 15 is controlled on the basis of the
comparison between the detection result of the third
thermometer 43 and the gas temperature threshold value
Ty. As a result, the amount of heat recovered from the
exhaust gas EG can be stabilized. In addition, the tem-
perature of the exhaust gas EG flowing into the carbon
dioxide recovery device 16 can be stabilized.

[0099] In addition, in the above configuration, the re-
ducing agent is supplied to the exhaust gas EG before
flowing into the dust collection facility 14. The reducing
agent supplied to the exhaust gas EG directly reacts with
the nitrogen oxide in the exhaust gas EG to remove the
nitrogen oxide. In addition, the reducing agent supplied to
the exhaust gas EG also passes through the dust collec-
tion facility 14 together with the exhaust gas EG. In this
case, the reducing agent comes into contact with the
denitration catalyst of the denitration layer 142, and the
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nitrogen oxides are removed by the catalytic action of the
denitration layer 142 of the dust collection facility 14. That
is, the denitration catalyst is regenerated by the action of
the reducing agent on the denitration catalyst. As a result
ofthese actions, itis possible to suppress the decreasein
the denitration efficiency in the dust collection facility 14.
[0100] In addition, in the above configuration, the acti-
vated carbon is supplied to the exhaust gas EG before
flowing into the dust collection facility 14. As a result,
impurities such as mercury contained in the exhaust gas
EG are adsorbed on the activated carbon. Therefore, itis
possible to suppress the residual impurities such as
mercury in the exhaust gas EG passing through the dust
collection facility 14, and as a result, it is possible to
suppress the inflow of impurities into the absorption liquid
in the carbon dioxide recovery device 16. Therefore, it is
possible to reduce the impurities mixed into the carbon
dioxide recovered by the carbon dioxide recovery device
16 and the deterioration of the absorption liquid.

[0101] Inaddition, in the above configuration, the alka-
line powder is supplied to the exhaust gas EG before
flowing into the dust collection facility 14. As a result, the
sulfur oxides contained in the exhaust gas EG react with
the quicklime as the alkaline powder to form calcium
sulfate. Therefore, it is possible to suppress the sulfur
oxides contained in the exhaust gas EG from coming into
contact with the denitration catalyst in the dust collection
facility 14. As a result, it is possible to suppress the
poisoning of the denitration catalyst. In addition, by re-
moving the sulfur oxide on the upstream side of the
carbon dioxide recovery device 16, the supply amount
of the alkali agent to be supplied to the cooling tower 161
in the carbon dioxide recovery device 16 can be reduced.
[0102] Inaddition,inthe above configuration, the sulfur
oxides and the hydrogen chloride contained in the ex-
haust gas EG in the cooling tower 161 of the carbon
dioxide recovery device 16 react with the alkali agent
supplied to the cooling tower circulating water by the
alkali agent supply portion 22. As a result, the desulfur-
ization and desalting of the exhaust gas EG in the cooling
tower 161 are performed. Since the desulfurization and
desalting of the exhaust gas EG can be performed in the
cooling tower 161, the amount of the agent (alkaline
powder such as quicklime or sodium hydrogen carbo-
nate) sprayed on the upstream side of the dust collection
facility 14, which is the catalyst-supported bag filter, can
be reduced. As a result, the amount of discharged solid
waste can be reduced. In addition, the amount of the drug
to be sprayed is reduced, so that the increase in the
differential pressure in the catalyst-supported bag filter
is reduced and the backwashing interval is extended. As
aresult, the service life of the catalyst-supported bag filter
can be extended.

[Second Embodiment]

[0103] Hereinafter, the power generation facility 1000
according to a second embodiment of the present dis-
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closure will be described. The exhaust gas treatment
system 100 and the power generation system 300 de-
scribed in the second embodiment have configurations
partially different from the exhaust gas treatment system
100 and the power generation system 300 described in
the first embodiment. The same components as those in
the first embodiment will be designated by the same
reference numerals and will not be described in detail.
The exhaust gas treatment system 100 according to the
second embodiment further includes a bypass line 23
and a flow rate adjuster 24 with respect to the exhaust gas
treatment system 100 described in the first embodiment.

(Exhaust Gas Treatment System)

[0104] As shown in Fig. 6, the exhaust gas treatment
system 100 in the present embodiment includes the
exhaust gas flow path 12, the first heat recovery device
13, the dust collection facility 14, the second heat recov-
ery device 15, the carbon dioxide recovery device 16, the
reducing agent supply portion 19, the activated carbon
supply portion 20, the alkaline powder supply portion 21,
the alkali agent supply portion 22, the chimney 17, the
outlet flow path 18, the bypass line 23, and the flow rate
adjuster 24.

(Bypass Line)

[0105] One end 23a of the bypass line 23 is connected
to the exhaust gas flow path 12 between the heat recov-
ery steam generator 11 and the first heat recovery device
13, andthe otherend 23b is connected to the exhaust gas
flow path 12 between the first heat recovery device 13
and the dust collection facility 14. Therefore, a part of the
exhaust gas EG flowing through the exhaust gas flow
path 12 can flow into the bypass line 23 from the one end
23a and can flow into the exhaust gas flow path 12 again
through the other end 23b. In other words, the bypass line
23 canjoin atleast a part of the exhaust gas EG that flows
into the first heat recovery device 13 to the exhaust gas
EG that flows between the first heat recovery device 13
and the dust collection facility 14 without passing through
the first heat recovery device 13 (can be bypassed). One
end 23a of the bypass line 23 is disposed between the
heat recovery steam generator 11 and the first heat
recovery device 13 in the exhaust gas flow path 12.
The other end 23b of the bypass line 23 is disposed on
the first heat recovery device 13 side which is the up-
stream side with respect to the connection portion with
the activated carbon supply line 202 in the exhaust gas
flow path 12.

(Flow Rate Adjuster)

[0106] The flow rate adjuster 24 is disposed in the
bypass line 23. Here, the "in the bypass line 23" means
"in the middle of the bypass line 23" instead of "inside the
bypass line 23". The flow rate adjuster 24 is a flow
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regulation valve capable of adjusting the flow rate of the
exhaust gas EG flowing through the bypass line 23 by
adjusting the opening degree. The opening degree of the
flow rate adjuster 24 in the present embodiment is con-
trolled by the control device 500. Specifically, the flow rate
adjuster 24 receives a signal indicating the opening
degree from the control device 500 through wired or
wireless communication. The flow rate adjuster 24 ad-
justs the flow rate of the exhaust gas EG flowing through
the bypassline 23 based on the opening degree indicated
by the signal.

(Control Device)

[0107] As shown in Fig. 7, the control device 500
according to the present embodiment includes a detec-
tion unit 51, a determination unit 52, a setting unit 53, a
control unit 54a, and a storage unit 55.

[0108] The control unit 54a controls the opening de-
gree of the flow rate adjuster 24 in a case where the
determination unit 52 determines that "the adjustment of
the first temperature T1 is necessary" or "the adjustment
of the second temperature T2 is necessary". Specifically,
in a case where the determination unit 52 determines that
"the first temperature T1 is high" or "the second tempera-
ture T2 is high", the control unit 54a transmits a signal
indicating a decrease in the opening degree to the flow
rate adjuster 24. In addition, in a case where the deter-
mination unit 52 determines that the "first temperature T1
is low" or the "second temperature T2 is low", the control
unit 54a transmits a signal indicating an increase in the
opening degree to the flow rate adjuster 24. Thatis, at the
same time as the flow rate of the exhaust gas EG flowing
through the bypass line 23 is adjusted, the flow rate of the
exhaust gas EG flowing into the first heat recovery device
13 is controlled. On the other hand, in a case where the
determination unit 52 determines that "the adjustment of
the first temperature T1 is not necessary" and "the ad-
justment of the second temperature T2 is not necessary",
the control unit 54a transmits a signal indicating the
maintenance of the opening degree to the flow rate
adjuster 24. The amount of the heat medium introduced
into the first heat recovery device 13 is controlled by the
operation of the control unit 54a.

[0109] Hereinafter, with reference toFig. 8, an example
of the operation of the control device 500 that controls the
amount of the heat medium supplied to the first heat
recovery device 13 will be described.

[0110] Thedetection unit51 acquires the firsttempera-
ture T1, the second temperature T2, the nitrogen oxide
concentration A1, and the sulfur oxide concentration A2
(step S31). Next, the setting unit 53 sets the gas tem-
perature threshold value Tx on the basis of one or more of
the nitrogen oxide concentration A1 and the sulfur oxide
concentration A2 acquired by the detection unit 51 (step
S$32). Next, the determination unit 52 determines whether
or not the adjustment of the first temperature T1 is ne-
cessary or whether or not the adjustment of the second
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temperature T2 is necessary, on the basis of the acquired
first temperature T1 and second temperature T2 (step
S33). In a case where the determination unit 52 deter-
mines that the adjustment of the first temperature T1 is
necessary or the adjustment of the second temperature
T2 is necessary (step S33: YES), the control unit 54a
controls the opening degree of the flow rate adjuster 24
(step S34). In a case where the processing of step S34 is
finished, the processing of step S31 is performed again.
In a case where the determination unit 52 determines that
the adjustment of the first temperature T1 is not neces-
sary and the adjustment of the second temperature T2 is
not necessary (NO in step S33), the processing of step
S31 is performed again.

[0111] The processes of steps S31 to S34 described
above are repeatedly executed in the operation stage of
the exhaust gas treatment system 100.

(Operations and Effects)

[0112] In the configuration of the second embodiment,
the amount of the exhaust gas EG supplied to the first
heat recovery device 13 positioned on the upstream side
of the dust collection facility 14 in the flow direction of the
exhaust gas EG is controlled on the basis of the compar-
ison between the detection result of one or more of the
firstthermometer 41 and the second thermometer 42 and
the gas temperature threshold value Tx. Accordingly, itis
possible to stabilize the temperature of the exhaust gas
EG introduced into the dust collection facility 14. There-
fore, the denitration performance of the exhaust gas EG
in the dust collection facility 14 can be stabilized.

[Third Embodiment]

[0113] Hereinafter, a power generation facility 1000
according to a third embodiment of the presentdisclosure
will be described. The power generation facility 1000
described in the third embodiment has a partially different
configuration from the power generation facility 1000
described in the first embodiment. The same compo-
nents as those in the first embodiment will be designated
by the same reference numerals and will not be described
in detail. In the third embodiment, the carbon dioxide
recovery device 16 in the exhaust gas treatment system
100 further includes a reclaimer 164 with respect to the
carbon dioxide recovery device 16 described in the first
embodiment. The exhaust gas treatment system 100 in
the third embodiment further includes a reducing agent
introduction line 25 with respect to the exhaust gas
treatment system 100 described in the first embodiment.

(Exhaust Gas Treatment System)

[0114] As shown in Fig. 9, the exhaust gas treatment
system 100 in the present embodiment includes the
exhaust gas flow path 12, the first heat recovery device
13, the dust collection facility 14, the second heat recov-
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ery device 15, the carbon dioxide recovery device 16, the
reducing agent supply portion 19, the activated carbon
supply portion 20, the alkaline powder supply portion 21,
the alkali agent supply portion 22, the chimney 17, the
outlet flow path 18, and the reducing agent introduction
line 25.

(Carbon Dioxide Recovery Device)

[0115] The carbon dioxide recovery device 16 accord-
ing to this embodiment includes a cooling tower 161, an
absorption tower 162, a regeneration tower 163, and a
reclaimer 164.

[0116] Thereclaimer 164 is adevice that separates the
first liquid in which carbon dioxide is separated and
concentrated and the second liquid in which impurities
are separated from the absorption liquid, and receives a
part of the absorption liquid from the regeneration tower
163 that separates carbon dioxide and guides the ab-
sorption liquid to the absorption tower 162. The first liquid
is a discharge liquid discharged from the carbon dioxide
recovery device 16. The first liquid contains an amine.
The reclaimer 164 is connected to the reducing agent
introduction line 25 thatis connected to the heat recovery
steam generator 11. The first liquid separated by the
reclaimer 164 is supplied into the furnace main body 1
of the incinerator 10 through the reducing agent introduc-
tion line 25, and the second liquid is returned into the
regeneration tower 163. Therefore, the reducing agent
introduction line 25 connects the reclaimer 164 and the
heat recovery steam generator 11.

[0117] The first liquid sent to the furnace main body 1
through the reducing agent introduction line 25 is incin-
erated in the same manner as the object to be incinerated
such as the garbage. The amine contained in the first
liquid has a reducing action, and is incinerated at the
same time as the object to be incinerated, so that the
generation of nitrogen oxides is suppressed. That is, the
firstliquid flowing through the reducing agent introduction
line 25 functions as a reducing agent for the nitrogen
oxide, and the reducing agent introduction line 25 func-
tions as a reducing agent supply portion 19 that supplies
the reducing agent into the furnace main body 1. For
example, a pump or the like (not shown) for sending the
reducing agent from the reclaimer 164 to the furnace
main body 1 of the incinerator 10 is disposed in the
reducing agent introduction line 25.

(Operations and Effects)

[0118] According to the above configuration, a part of
the absorption liquid from the regeneration tower 163 to
the absorption tower 162 is separated into the first liquid
and the second liquid by the reclaimer 164, and the
separated first liquid is added to the exhaust gas EG in
the heat recovery steam generator 11 as a reducing
agent. That is, the first liquid which is the drainage from
the carbon dioxide recovery device 16 is used as a
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reducing agent. Therefore, it is possible to reduce the
power or the cost required in a case of disposing of the
firstliquid as adrain. In addition, since the reducing agent
introduction line 25 functions as the reducing agent sup-
ply portion 19, the amount of the reducing agent handled
by the reducing agent supply portion 19 can be reduced.

(Other Embodiments)

[0119] While the embodiments of the present disclo-
sure have been described above in detail with reference
to the drawings, specific configurations are not limited to
the configurations of each embodiment, and additions,
omissions, and substitutions of the configurations and
other changes can be made without departing from the
concept of the present disclosure.

[0120] Fig. 10 is a hardware configuration diagram
illustrating a configuration of a computer 1100 according
to the present embodiment. A computer 1100 includes a
processor 1110, a main memory 1120, a storage 1130,
and an interface 1140.

[0121] The above-described control device 500 is
mounted on the computer 1100. An operation of each
of the processing units described above is stored in the
storage 1130 in a form of a program. The processor 1110
reads the program from the storage 1130, deploys the
read program in the main memory 1120, and executes
the above-described process in accordance with the
program. Further, the processor 1110 ensures a storage
area corresponding to each storage unit 55 described
above in the main memory 1120 in accordance with the
program.

[0122] The program may be a program for realizing
some of functions fulfilled by the computer 1100. For
example, the program may fulfill a function in combina-
tion with another program previously stored in the sto-
rage 1130, or in combination with another program in-
stalled in another device. In addition, the computer 1100
may include a custom large scale integrated circuit (LSI)
such as a programmable logic device (PLD) in addition to
or in place of the above configuration. Examples of the
PLDs include a programmable array logic (PAL), a gen-
eric array logic (GAL), a complex programmable logic
device (CPLD), and a field-programmable gate array
(FPGA). In this case, functions that are realized by the
processor 1110 may be partially or entirely realized by the
integrated circuit.

[0123] As an example of the storage 1130, a magnetic
disk, amagneto-optical disk, or a semiconductor memory
can be used. The storage 1130 may be an internal
medium directly connected to a bus in the computer
1100 or may be an external medium connected to the
computer 1100 via the interface 1140 or via a commu-
nication line. In addition, when this program is distributed
to the computer 1100 via the communication line, the
computer 1100 receiving the distributed program may
deploy the program in the main memory 1120 to execute
the above-described process. In the above-described
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embodiment, the storage 1130 is a non-transitory tangi-
ble storage medium.

[0124] In addition, the program may be a program for
realizing some of the above-described functions.
[0125] In addition, the program may be a so-called
difference file (difference program) that realizes the
above-described functions in combination with another
program previously stored in the storage 1130.

[0126] In addition, in the first embodiment, the config-
uration in which the reducing agent supply portion 19
supplies the reducing agent to the exhaust gas EG flow-
ing in the heat recovery steam generator 11 has been
described, but the present disclosure is not limited to this
configuration. The reducing agent supply portion 19 may
be configured to supply the reducing agent to the exhaust
gas EG that flows on the upstream side of the first heat
recovery device 13 in the exhaust gas flow path 12.
Therefore, in this case, the reducing agent supply line
192 may be connected to the reducing agent supply
source 191 and a portion on the upstream side of the
first heat recovery device 13 in the exhaust gas flow path
12.

[0127] Inaddition, the gas temperature threshold value
Tx described in the first embodiment may be a tempera-
ture preset according to the power generation facility
1000. Therefore, in this case, the control device 500
may not include the setting unit 53.

[0128] In addition, the configuration of the power gen-
eration facility 1000 described in each embodiment is not
limited to the independent configuration, and the power
generation facility may be configured by appropriately
combining the components described in each embodi-
ment.

[0129] In addition, the carbon dioxide recovery device
16 is not limited to the configuration in which carbon
dioxide is recovered by the wet chemical absorption
method. The carbon dioxide recovery device 16 may
be configured to recover carbon dioxide by a dry physical
absorption method or the like.

[0130] In addition, the exhaust gas treatment system
100 in the power generation facility 1000 described in the
embodiment may further include a blower (not shown)
disposed in the exhaust gas flow path 12 or the outlet flow
path 18 between the dust collection facility 14 and the
chimney 17.

[0131] Asaheatexchangerthatrecovers heatfromthe
exhaust gas EG by performing heat exchange with a heat
medium introduced from the outside, the first heat re-
covery device 13 and the second heat recovery device 15
described in the embodiment are not limited to the con-
figuration. Instead of this configuration, the first heat
recovery device 13 and the second heat recovery device
15 may be, for example, a temperature adjuster that
adjusts the temperature of the exhaust gas EG by spray-
ing water to the exhaust gas EG.

[0132] In addition, in the embodiment, the configura-
tion in which the alkaline powder supply portion 21 sup-
plies quicklime as the alkaline powder to the exhaust gas

10

15

20

25

30

35

40

45

50

55

18

EG has been described, but the present disclosure is not
limited to this configuration. The alkaline powder supply
portion 21 may have a configuration in which, for exam-
ple, sodium hydrogen carbonate or the like is supplied to
the exhaust gas EG.

[0133] In addition, in the embodiment, the incinerator
10 in the garbage treatment system 200 of the power
generation facility 1000 is the stoker type incinerator, but
the present invention is not limited to the stoker type
incinerator. The incinerator 10 may be, for example, a
stoker furnace, a biomass fluidized bed boiler, a sludge
incinerator, or the like.

[Appendix]

[0134] The exhaust gas treatment system, the power
generation facility including the same, and the exhaust
gas treatment method described in each of the embodi-
ments are understood as follows, for example.

(1) An exhaust gas treatment system 100 according
to a first aspect, the exhaust gas treatment system
100 including a dust collection facility 14 that in-
cludes a denitration layer 142 on which a denitration
catalystis carried and through which exhaustgas EG
passes, and a carbon dioxide recovery device 16
that is positioned on a downstream side of the dust
collection facility 14 in a flow direction of the exhaust
gas EG, inwhich the exhaustgas EGis supplied from
the dust collection facility 14 to the carbon dioxide
recovery device 16 while maintaining a state where a
temperature of the exhaust gas EG is equal to or
lower than a temperature of an outlet gas of the dust
collection facility 14.

Accordingly, the exhaust gas EG is denitrated in the
dust collection facility 14, and thus itis not necessary
to heat the exhaust gas EG in the process from the
dust collection facility 14 to the carbon dioxide re-
covery device 16. Therefore, it is possible to reduce
the thermal energy required for the heating. In addi-
tion, since the denitration layer 142 of the dust col-
lection facility 14 on the upstream side of the carbon
dioxide recovery device 16 removes sulfur oxides in
the exhaust gas EG, it is possible to suppress an
increase in the consumption of the absorption liquid
in which the impurities are absorbed by the carbon
dioxide recovery device 16.

(2) The exhaust gas treatment system 100 according
to a second aspect is the exhaust gas treatment
system 100 according to the first aspect, further
including a first heat recovery device 13 that is posi-
tioned on an upstream side of the dust collection
facility 14 in the flow direction of the exhaust gas EG
and that performs heat exchange between the ex-
haust gas EG and a heat medium, a sensor 400 that
includes one or more of a first thermometer 41 cap-
able of detecting a temperature of the exhaust gas
EG flowing between the first heat recovery device 13
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and the dust collection facility 14, and a second
thermometer 42 capable of detecting a temperature
of the exhaust gas EG flowing between the dust
collection facility 14 and the carbon dioxide recovery
device 16, and a control device 500 that controls an
amount of the heat medium supplied to the first heat
recovery device 13 based on a detection resultof one
or more of the first thermometer 41 and the second
thermometer 42, and a gas temperature threshold
value Tx.

Accordingly, itis possible to stabilize the temperature
of the exhaust gas EG introduced into the dust
collection facility 14.

(3) The exhaust gas treatment system 100 according
to a third aspect is the exhaust gas treatment system
100 according to the first aspect, further including a
first heat recovery device 13 that is positioned on an
upstream side of the dust collection facility 14 in the
flow direction of the exhaust gas EG and that per-
forms heat exchange between the exhaust gas EG
and a heat medium, a bypass line 23 that allows at
least a part of the exhaust gas EG flowing into the first
heat recovery device 13 to join the exhaust gas EG
flowing between the first heatrecovery device 13 and
the dust collection facility 14 without passing through
the first heat recovery device 13, a flow rate adjuster
24 that is disposed in the bypass line 23 and is
capable of adjusting a flow rate of the exhaust gas
EG flowing through the bypass line 23, a sensor 400
that includes one or more of a first thermometer 41
capable of detecting a temperature of the exhaust
gas EG flowing between the first heat recovery de-
vice 13 and the dust collection facility 14, and a
second thermometer 42 capable of detecting a tem-
perature of the exhaust gas EG flowing between the
dust collection facility 14 and the carbon dioxide
recovery device 16, and a control device 500 that
controls an opening degree of the flow rate adjuster
24 based on a detection result of one or more of the
first thermometer 41 and the second thermometer
42, and a gas temperature threshold value Tx.
Accordingly, itis possible to stabilize the temperature
of the exhaust gas EG introduced into the dust
collection facility 14.

(4) The exhaust gas treatment system 100 according
to a fourth aspect is the exhaust gas treatment
system 100 according to the second or third aspect,
in which the sensor 400 has one or more of a nitrogen
oxide concentration detection portion 44 that is cap-
able of detecting a nitrogen oxide concentration A1in
the exhaust gas EG and a sulfur oxide concentration
detection portion 45 that is capable of detecting a
sulfur oxide concentration A2 in the exhaust gas EG,
and the control device 500 changes the gas tem-
perature threshold value Tx based on a detection
result of one or more of the nitrogen oxide concen-
tration detection portion 44 and the sulfur oxide
concentration detection portion 45.
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Accordingly, the temperature of the exhaust gas EG
is controlled in accordance with one or more of the
nitrogen oxide concentration A1 and the sulfur oxide
concentration A2. As a result, it is possible to opti-
mize the magnitude of the motive power used in the
exhaust gas treatment system 100.

(5) The exhaust gas treatment system 100 according
to afifth aspect is the exhaust gas treatment system
100 according to any one of the first to fourth aspects,
further including a second heat recovery device 15
that is positioned between the dust collection facility
14 and the carbon dioxide recovery device 16 in the
flow direction of the exhaust gas EG and that per-
forms heat exchange between the exhaust gas EG
and the heat medium.

Accordingly, it is possible to further stabilize the
temperature of the exhaust gas EG from the second
heat recovery device 15 to the carbon dioxide re-
covery device 16 in the exhaust gas flow path 12.
Therefore, it is possible to improve the denitration
performance of the exhaust gas EG in the denitration
layer 142 of the dust collection facility 14 with sup-
pressing the deterioration of the power generation
efficiency.

(6) The exhaust gas treatment system 100 according
to a sixth aspectis the exhaust gas treatment system
100 according to the fifth aspect, further including a
sensor 400 that includes a third thermometer 43
capable of detecting a temperature of the exhaust
gas EG flowing between the second heat recovery
device 15 and the carbon dioxide recovery device
16, and a control device 500 that controls an amount
of the heat medium supplied to the second heat
recovery device 15 based on a detection result of
the sensor 400 and a gas temperature threshold
value Ty.

As a result, the amount of heat recovered from the
exhaust gas EG can be stabilized. In addition, the
temperature of the exhaust gas EG flowing into the
carbon dioxide recovery device 16 can be stabilized.
(7) The exhaust gas treatment system 100 according
to a seventh aspect is the exhaust gas treatment
system 100 according to any one of the first to sixth
aspects, further including a reducing agent supply
portion 19 capable of supplying a reducing agent to
the exhaust gas EG that flows on an upstream side of
the dust collection facility 14 in the flow direction of
the exhaust gas EG.

As a result, the reducing agent supplied to the ex-
haust gas EG directly reacts with the nitrogen oxide
in the exhaust gas EG to remove the nitrogen oxide.
In addition, the reducing agent supplied to the ex-
haust gas EG also passes through the dust collection
facility 14 together with the exhaust gas EG. In this
case, the reducing agent comes into contact with the
denitration catalyst of the denitration layer 142, and
the nitrogen oxides are removed by the catalytic
action of the denitration layer 142 of the dust collec-
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tion facility 14. That is, the denitration catalyst is
regenerated by the action of the reducing agent on
the denitration catalyst.

(8) The exhaust gas treatment system 100 according
to an eighth aspect is the exhaust gas treatment
system 100 according to any one of the first to
seventh aspects, further including an activated car-
bon supply portion 20 capable of supplying activated
carbon to the exhaust gas EG that flows on an up-
stream side of the dust collection facility 14 in the flow
direction of the exhaust gas EG.

As a result, impurities such as mercury contained in
the exhaust gas EG are adsorbed on the activated
carbon. Therefore, it is possible to suppress the
residual impurities such as mercury in the exhaust
gas EG passing through the dust collection facility
14, and as a result, it is possible to suppress the
inflow of impurities into the absorption liquid in the
carbon dioxide recovery device 16. Therefore, it is
possible to reduce the impurities mixed into the
carbon dioxide recovered by the carbon dioxide
recovery device 16 and the deterioration of the ab-
sorption liquid.

(9) The exhaust gas treatment system 100 according
to a ninth aspectis the exhaust gas treatment system
100 according to any one of the first to eighth as-
pects, further including an alkaline powder supply
portion 21 capable of supplying an alkaline powder to
the exhaust gas EG that flows on an upstream side of
the dust collection facility 14 in the flow direction of
the exhaust gas EG.

As aresult, the sulfur oxides contained in the exhaust
gas EG react with the alkaline powder to form cal-
cium sulfate. Therefore, itis possible to suppress the
sulfur oxides contained in the exhaust gas EG from
coming into contact with the denitration catalyst in
the dust collection facility 14.

(10) The exhaust gas treatment system 100 accord-
ing to a tenth aspect is the exhaust gas treatment
system 100 according to any one of the first to ninth
aspects, further including an alkali agent supply
portion 22 capable of supplying an alkali agent into
the carbon dioxide recovery device 16, in which the
carbon dioxide recovery device 16 includes a cooling
tower 161 that adds the alkali agent from the alkali
agent supply portion 22 to cooling tower circulating
water while cooling the exhaust gas EG, an absorp-
tion tower 162 that absorbs carbon dioxide included
in the cooled exhaust gas EG into an absorption
liquid, and a regeneration tower 163 that heats the
absorption liquid in which the carbon dioxide has
been absorbed by a reboiler 163b to which the heat
medium is supplied, and separates the carbon diox-
ide from the absorption liquid.

As a result, the desulfurization and desalting of the
exhaust gas EG in the cooling tower 161 are per-
formed. Since the desulfurization and desalting can
be performed in the cooling tower 161, for example,
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in a case where an alkaline powder or the like is
supplied on the upstream side of the dust collection
facility 14, the amount of the alkaline powder can be
reduced. In addition, the amount of discharged solid
waste can be reduced. In addition, since the amount
of the medicine to be sprayed is reduced, the differ-
ential pressure in the dust collection facility is re-
duced, and the backwashing interval is extended,
the service life of the dust collection facility 14 can be
extended.

(11) A power generation facility according to an
eleventh aspect is a power generation facility 1000
that incinerates an object to be incinerated to gen-
erate power, the power generation facility 1000 in-
cluding: an incinerator 10 in which the object to be
incinerated is incinerated; a boiler that is positioned
on an upstream side of the dust collection facility 14
in the flow direction of the exhaust gas EG and to
which the exhaust gas EG generated by the incin-
erator 10 is supplied; the exhaust gas treatment
system 100 according to the seventh aspect into
which the exhaust gas EG that has passed through
the boiler is introduced, in which the exhaust gas
treatment system 100 includes a reducing agent
introduction line 25 connecting the carbon dioxide
recovery device 16 and the boiler, the carbon dioxide
recovery device 16 includes a cooling tower 161 that
cools the exhaust gas EG, an absorption tower 162
that absorbs carbon dioxide included in the cooled
exhaust gas EG into an absorption liquid, a regen-
eration tower 163 that heats the absorption liquid in
which the carbon dioxide has been absorbed by a
reboiler 163b to which a heat medium is supplied,
and separates the carbon dioxide from the absorp-
tion liquid, and a reclaimer 164 that separates the
absorption liquid from the regeneration tower 163
into a first liquid in which impurities are concentrated
and a second liquid from which impurities are sepa-
rated, and the reducing agent introduction line 25, as
the reducing agent supply portion 19, supplies the
first liquid from the reclaimer 164 into the incinerator
10 as the reducing agent.

As a result, the first liquid which is the drainage from
the carbon dioxide recovery device 16 is used as a
reducing agent. Therefore, the first liquid can be
effectively disposed of in the incinerator 10. In addi-
tion, since the reducing agent introduction line 25
functions as the reducing agent supply portion 19,
the amount of the reducing agent handled by the
reducing agent supply portion 19 can be reduced.
(12) An exhaust gas treatment method according to
a twelfth aspect is an exhaust gas treatment method
that is used in a facility in which exhaust gas EG is
generated, the facility including a dust collection
facility 14 that includes a denitration layer 142 on
which a denitration catalyst is carried and through
which the exhaust gas EG passes, and a carbon
dioxide recovery device 16 that is positioned on a
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downstream side of the dust collection facility 14 ina
flow direction of the exhaust gas EG, the exhaust gas
treatment method including: supplying the exhaust
gas EG from the dust collection facility 14 to the
carbon dioxide recovery device 16 while maintaining 5
a state where a temperature of the exhaustgas EG is
equal to or lower than a temperature of outlet gas of

the dust collection facility 14.

Industrial Applicability

10

[0135] According to the present disclosure, it is possi-
ble to provide an exhaust gas treatment system, a power
generation facility including the same, and an exhaust
gas treatment method, which can suppress an increase 15
in consumption of an absorption liquid in a carbon dioxide
recovery device while reducing power used in a process

of treating the exhaust gas.
Reference Signs List
[0136]

1: furnace main body

2: fuel supply mechanism

3: furnace

10: incinerator

11: heat recovery steam generator
12: exhaust gas flow path

13: first heat recovery device

14: dust collection facility

13a: second heat medium valve
15: second heat recovery device
15a: first heat medium valve

16: carbon dioxide recovery device
17: chimney

18: outlet flow path

19: reducing agent supply portion
20: activated carbon supply portion
21: alkaline powder supply portion
22: alkali agent supply portion

23: bypass line

23a: one end

23b: other end

24: flow rate adjuster

25: reducing agent introduction line
30a: main steam line

30b: boiler water supply line

30c: first connection line

30d: second connection line

30e: third connection line

30g: first water supply bypass line
30h: second water supply bypass line
31: steam turbine

32: condenser

33a: first water supply pump

33b: second water supply pump
34: deaerator
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41: first thermometer

42: second thermometer

43: third thermometer

44: nitrogen oxide concentration detection portion
45: sulfur oxide concentration detection portion
51: detection unit

52: determination unit

53: setting unit

54, 54a: control unit

55: storage unit

100:
141:
142:
161:
162:
163:

exhaust gas treatment system
dust collection facility main body
denitration layer

cooling tower

absorption tower

regeneration tower

163a: regeneration tower main body
163b: reboiler

164:
191:
192:
200:
201:
202:
211:
212:
221
222:
300:
400:
500:

reclaimer

reducing agent supply source
reducing agent supply line
garbage treatment system
activated carbon supply source
activated carbon supply line
alkaline powder supply source
alkaline powder supply line

: alkali agent supply source

alkali agent supply line
power generation system
sensor

control device

1000: power generation facility
1100: computer

1110: processor

1120: main memory

1130: storage

1140: interface

A1: nitrogen oxide concentration
A2: sulfur oxide concentration

EG:

exhaust gas

GEN: generator

T1: first temperature
T2: second temperature
T3: third temperature

Claims

1.  An exhaust gas treatment system comprising:

a dust collection facility that includes a denitra-
tion layer on which a denitration catalyst is car-
ried and through which exhaust gas passes; and
a carbon dioxide recovery device that is posi-
tioned on a downstream side of the dust collec-
tion facility in a flow direction of the exhaust gas,
wherein the exhaust gas is supplied from the
dust collection facility to the carbon dioxide re-
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covery device while maintaining a state where a
temperature of the exhaust gas is equal to or
lower than a temperature of outlet gas of the dust
collection facility.

2. The exhaust gas treatment system according to

claim 1, further comprising:

a first heat recovery device that is positioned on
an upstream side of the dust collection facility in
the flow direction of the exhaust gas and that
performs heat exchange between the exhaust
gas and a heat medium;

a sensor that includes one or more of a first
thermometer capable of detecting a tempera-
ture of the exhaust gas flowing between the first
heat recovery device and the dust collection
facility, and a second thermometer capable of
detecting a temperature of the exhaust gas flow-
ing between the dust collection facility and the
carbon dioxide recovery device; and

a control device that controls an amount of the
heat medium supplied to the first heat recovery
device based on a detection result of one or
more of the first thermometer and the second
thermometer, and a gas temperature threshold
value.

3. The exhaust gas treatment system according to

claim 1, further comprising:

a first heat recovery device that is positioned on
an upstream side of the dust collection facility in
the flow direction of the exhaust gas and that
performs heat exchange between the exhaust
gas and a heat medium;

a bypass line that allows at least a part of the
exhaust gas flowing into the first heat recovery
device to join the exhaust gas flowing between
the first heat recovery device and the dust col-
lection facility without passing through the first
heat recovery device;

aflow rate adjuster thatis disposed in the bypass
line and is capable of adjusting a flow rate of the
exhaust gas flowing through the bypass line;

a sensor that includes one or more of a first
thermometer capable of detecting a tempera-
ture of the exhaust gas flowing between the first
heat recovery device and the dust collection
facility, and a second thermometer capable of
detecting a temperature of the exhaust gas flow-
ing between the dust collection facility and the
carbon dioxide recovery device; and

a control device that controls an opening degree
of the flow rate adjuster based on a detection
result of one or more of the first thermometer and
the second thermometer, and a gas temperature
threshold value.
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4. The exhaust gas treatment system according to

claim 2 or 3,

wherein the sensor has one or more of a nitrogen
oxide concentration detection portion that is
capable of detecting a nitrogen oxide concen-
tration in the exhaust gas and a sulfur oxide
concentration detection portion that is capable
of detecting a sulfur oxide concentration in the
exhaust gas, and

the control device changes the gas temperature
threshold value based on a detection result of
one or more of the nitrogen oxide concentration
detection portion and the sulfur oxide concen-
tration detection portion.

The exhaust gas treatment system according to any
one of claims 1 to 3, further comprising:

a second heat recovery device that is positioned
between the dust collection facility and the carbon
dioxide recovery device in the flow direction of the
exhaust gas and that performs heat exchange be-
tween the exhaust gas and the heat medium.

The exhaust gas treatment system according to
claim 5, further comprising:

a sensor that includes a third thermometer cap-
able of detecting a temperature of the exhaust
gas flowing between the second heat recovery
device and the carbon dioxide recovery device;
and

a control device that controls an amount of the
heat medium supplied to the second heat re-
covery device based on a detection result of the
sensor and a gas temperature threshold value.

The exhaust gas treatment system according to any
one of claims 1 to 3, further comprising:

areducing agent supply portion capable of supplying
a reducing agent to the exhaust gas that flows on an
upstream side of the dust collection facility in the flow
direction of the exhaust gas.

The exhaust gas treatment system according to any
one of claims 1 to 3, further comprising:

an activated carbon supply portion capable of sup-
plying activated carbon to the exhaust gas that flows
on an upstream side of the dust collection facility in
the flow direction of the exhaust gas.

The exhaust gas treatment system according to any
one of claims 1 to 3, further comprising:

an alkaline powder supply portion capable of supply-
ing an alkaline powder to the exhaust gas that flows
on an upstream side of the dust collection facility in
the flow direction of the exhaust gas.
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10. The exhaust gas treatment system according to any

one of claims 1 to 3, further comprising:

an alkali agent supply portion capable of supply-
ing an alkali agent into the carbon dioxide re-
covery device,

wherein the carbon dioxide recovery device in-
cludes

a cooling tower that adds the alkali agent from
the alkali agent supply portion to cooling tower
circulating water while cooling the exhaust gas,
an absorption tower that absorbs carbon dioxide
included in the cooled exhaust gas into an ab-
sorption liquid, and

a regeneration tower that heats the absorption
liquid in which the carbon dioxide has been
absorbed by a reboiler to which the heat medium
is supplied, and separates the carbon dioxide
from the absorption liquid.

11. Apower generation facility that incinerates an object

to be incinerated to generate power, the power gen-
eration facility comprising:

an incinerator in which the object to be inciner-
ated is incinerated;

aboiler thatis positioned on an upstream side of
the dust collection facility in the flow direction of
the exhaust gas and to which the exhaust gas
generated by the incinerator is supplied; and
the exhaust gas treatment system according to
claim 7 into which the exhaust gas that has
passed through the boiler is introduced,
wherein the exhaust gas treatment system in-
cludes a reducing agent introduction line con-
necting the carbon dioxide recovery device and
the boiler,

the carbon dioxide recovery device includes

a cooling tower that cools the exhaust gas,

an absorption tower that absorbs carbon dioxide
included in the cooled exhaust gas into an ab-
sorption liquid,

a regeneration tower that heats the absorption
liquid in which the carbon dioxide has been
absorbed by a reboiler to which a heat medium
is supplied, and separates the carbon dioxide
from the absorption liquid, and

a reclaimer that separates the absorption liquid
from the regeneration tower into a first liquid in
which impurities are concentrated and a second
liquid from which impurities are separated, and
the reducing agent introduction line, as the re-
ducing agent supply portion, supplies the first
liquid from the reclaimer into the incinerator as
the reducing agent.

12. An exhaust gas treatment method that is used in a

facility in which exhaust gas is generated, the facility
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including a dust collection facility that includes a
denitration layer on which a denitration catalyst is
carried and through which the exhaust gas passes,
and a carbon dioxide recovery device that is posi-
tioned on a downstream side of the dust collection
facility in a flow direction of the exhaust gas, the
exhaust gas treatment method comprising:
supplying the exhaust gas from the dust collection
facility to the carbon dioxide recovery device while
maintaining a state where a temperature of the ex-
haust gas is equal to or lower than a temperature of
outlet gas of the dust collection facility.
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